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Introduction
Protocols for the isolation of hepatic stellate cells (HSC) from rodents were first established in 1984 [1] . In most of the published protocols, the liver is digested with collagenase and pronase followed by subsequent fractionation of the resulting heterogenous cell suspension through various density media [2] . Based on their high lipid content and concomitant low density, HSC effectively float away from other hepatic cells allowing cellular enrichment that can be further increased by centrifugal elutriation or scatter-activated cell sorting [2, 3] . Alternatively, human cells of HSC origin are obtained as outgrowths from (diseased) human liver explants that were taken for diagnostic reasons [4, 5] .
As a general hallmark, primary HSC characteristically contain (i ) numerous, large lipid droplets that are composed of retinoids, (ii ) a cytoplasm that is typically equipped with a large Golgi apparatus, a well developed endoplasmic reticulum, small numbers of mitochondria and lysosomes, rare peroxisomes, a few glycogen particles and a distinct centriole, (iii ) a cytoplasmic matrix containing bundles of microfilaments and microtubules, including actin and intermediate filaments, and express (iv) specific neuronal markers such as glial fibrillary acidic protein (GFAP) and synaptophysin, (v) intermediate filamental proteins (e.g. desmin, nestin and vimentin) and (vi ) increase the expression of ␣-smooth muscle actin (␣-SMA) and collagens during culturing thereby increasing their overall cellular contractility resulting in a myofibroblastic (MFB) phenotype [for review see 6-8]. Most important, the cells are quiescent in normal liver and once activated in culture they have a limited life span and enter senescence after a limited number of cell divisions. Based on their pivotal role in the initiation and progression of liver fibrogenesis, some major issues including the regulation of extracellular matrix (ECM) components, retinoid metabolism, aspects of contractility and mechanisms of intracellular signalling are addressed in primary HSC cultures in which the cellular status execute a highly dynamic programme from quiescence to activation ending in a transdifferentiated phenotype (MFB).
However Table 1 ). More drastically, one eurocent is necessary to obtain ~80 (C57BL/6) or ~530 (Balb/c) murine HSC. In addition, it becomes more and more evident that HSC are a heterogenous cell population [9] [10] [11] [12] [13] and it is likely that there will be batch-to-batch variations and differences in cultures from the same origin. Moreover [19] . [19] . [26] . 
SV68c-IS
A640-IS
This immortalized HSC line originated from a male ICR mouse and carries a temperature-sensitive mutant of the SV40 large T-antigen that controls the growing properties of these cells. At the permissive temperature (33ЊC) the viral protein is expressed and directs active cell growth. Contrarily, under the nonpermissive condition (39ЊC) the large T-antigen is not expressed, and the cells do not grow. Furthermore, a shift from this non-permissive to the permissive condition restores T-antigen expression and proliferation
M1-4HSC
A7
This immortal murine cell line was established from the transgenic mouse strain H-2k b -ts-A58 harbouring a temperature-sensitive SV40T variation under the control of the ubiquitous H-2Kb promoter [21]. The cell clone A7 grows only under the permissive conditions (33ЊC) and not under the non-permissive conditions (37ЊC). Based on the properties to accumulate and esterify retinol it was suggested that this line is an ideal tool for studying retinoid metabolism.
Immortalized rat HSC lines HSC-T6
HSC-PQ
T-HSC/Cl-6
Starting from primary HSC that were isolated from the Sprague-Dawley strain and transfected at day 12 after initial plating with a plasmid carrying the SV40 T and a neomycin-resistant cassette, a cell line derived that were positive for ␣-SMA, desmin, GFAP, collagen type I and TGF-␤ mRNA [31] .
Other rat HSC lines
Features suggestive of HSC/MFB origin were reported for other cell lines [32, 33] . However, the cellular and biochemical properties of these lines are presently only marginal characterized (Table 2 ).
Immortalized human HSC lines LI90 and derivatives
The first human HSC line reported was established from an epithelioid hemangioendothelioma that was found in the right liver lobe of a 55-year-old Japanese female during cholecystectomy [34] [36] . [37] . 
GREF-X
For establishment of this cell line, human myofibroblasts that were isolated from explants of histologically normal liver were transfected with a plasmid containing the coding sequence of polyoma virus large T antigen expressed under the control of the early promoter of cytomegalovirus (CMV)
LX-1 and LX-2
The human HSC lines most utilized (cf. Fig. 1C 
HSC 180
Recently, a novel human HSC line was derived initially from a cirrhotic liver. This line was shown express ␣-SMA, MMP-2, MMP-3, MMP-9 and several molecules involved in the plasminogen activator pathway [40] . In addition, the cells were found to have capacity to synthesize the mRNAs for TGF-␤1, TIMP-1 and collagen type I. [15, 29, 42] .
Qualities of primary and immortalized HSC
Differences in cellular morphology
As outlined above, the culturing of primary HSC induces a remarkably phenotypic gradually response ending in a MFB phenotype in which the responsiveness to cytokines and other local stimuli is temporarily modified [8, 43, 44] Fig. 2A-C) [45, 46] . Collectively, the morphological and biochemical features argue against the usage of these cell lines when critical issues of quiescence or modulated cellular events during activation and transdifferentiation should be experimentally addressed.
Fig. 2 Morphology of primary and immortal HSC. Appearance of primary rat HSC and MFB cultured for indicated times (upper panel) and immortal GRX, LX-2, PAV-1 and CFSC cell lines (lower panel) in differential interference contrast (DIC)-Normaski microscopy (original magnification ϫ 320). The cells were cultured in DMEM supplemented with 10% FCS (HSC; MFB; CFSC; PAV-1 and GRX) or 2% FCS (LX-2), non-essential amino acids (CFSC), glutamine and antibiotics.
Differences in gene expression
Gene expression profiling is providing novel insights into differences in primary and immortal HSC [39, 42] . [39] . [52, 53] . However, this cytokine has only marginal stimulatory effects on some immortal HSC [23] . Also the finding that primary HSC grow better in the presence of TGF-␤ and EGF [54] is not true for some of the established cell lines [23] IL-1␤ TIMP-1 (+) [59] IFN-␣ ␣2(I)Collagen (-) [60] IFN-␥ ␣2(I)Collagen (-) [60] TNF-␣ ␣1(I)Collagen (-) [61] 
Response to growth factors
HSC-T6
PDGF Proliferation (+) [62] TGF-␤ 
